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Parent risk factors were assessed for the 5 years leading up to the study year (2010) (2011) (2012) (2013) (2014) , except where noted otherwise. The parent risk factors correspond to the original ACEs household dysfunction factors, with the addition of parental disability and medical risk.
The maltreatment history variables and parent risk factors together measure the social conditions under which children grew up, or family-level social determinants of health. These variables and their relationship to costs were the central focus of this analysis.
Child social and health risk factors included being a parent, medical risk, 21 medical complexity, 22 juvenile justice involvement, mental health need, and substance use. Child social and health risk factors were included to control for costly adolescent experiences in order to isolate impacts of child maltreatment and parent risk factors net of these variables. Demographic variables included age, sex, race, and limited English proficiency of the parent. Medical coverage controls included months of Medicaid coverage and months of third-party coverage. Medicaid coverage months were important to include to control for duration of access to Medicaid-paid services in the study period. Third-party coverage typically reflects enrollment in employer-based health insurance by families with incomes low enough to qualify for Medicaid. Under Medicaid rules, third-party coverage is the first payer for covered services and therefore is associated with lower Medicaid-paid health service costs.
| Dependent variable
Health care costs were defined as federal and state funds used to provide health services in the study year (2015) and were divided into medical system and behavioral health. In Washington State during this period, behavioral health services were provided through behavioral health organizations contracting with service providers while medical services were administered by a separate medical system. Therefore, this analysis separately attended to Medicaid costs in the medical system and those that accrued to the currently separate behavioral health service system.
In Washington State, medical assistance includes a mental health benefit for children that covers services received in a medical setting, including primary care. Because these services were delivered in a medical setting, they were included in the measure of medical system costs. More functionally impaired children were served through the behavioral health service system and these services were included in behavioral health costs. Medical costs also included prescriptions such as psychotropic medications. Due to psychotropic medication and some primary care mental health services falling under medical system costs, associations between risk factors and behavioral health costs, broadly defined, may be an underestimate.
There are substantive reasons to examine medical and behavioral health costs separately, including prior research on child adversity's impact on both adolescent physical and mental health. 4, 23 Medical system costs were calculated from the provider amount paid for fee-for-service claims, the managed care amounts paid to reported provider for managed care encounters, and other fees derived from the Medicaid reporting system in Washington State.
Medical costs included the following types of costs: outpatient hospital emergency department (ED), outpatient hospital non-ED, inpatient, prescription drug, ambulatory care, and other costs (eg, transportation, medical equipment). Behavioral health costs were calculated based on payments made to behavioral health service providers and include outpatient mental health services, substance use disorder treatment, behavioral rehabilitation services, and inpatient mental health treatment.
| Analysis
The study population was described including summary statistics on the independent and dependent variables. Bivariate comparisons identified the prevalence of select risk factors in the top decile relative to the bottom nine deciles of the cohort based on total medical system or behavioral health costs. Regression modeling was conducted to isolate the relationship between medical system and behavioral health costs and our measures of interest.
Because both behavioral health costs and medical system costs were zero for a nontrivial proportion of the population of interest, a two-step model was used to predict costs. In the first step, two separate logistic regression models predicting behavioral and medical system costs, respectively, were fit to assess which factors contributed to the likelihood of receiving care. In the second step, two ordinary least squares (OLS) models predicting behavioral and medical system costs for the subset of youth with nonzero costs were run using the same predictor variables as in the first step. The second step was also estimated using generalized linear models (GLM) with the gamma distribution and log link function. The substantive conclusions were not different in the GLM models, so the results from the OLS regression are presented here because the resultant coefficients are more easily interpretable as changes in dollars associated with each factor. We note that OLS regression models are most commonly used in health care risk-adjustment processes because they predict mean expenditures more accurately for all risk and demographic subgroups, which renders results more readily interpretable in health care policy contexts. 24 All costs are listed as 2015 dollars, rounded to the nearest tens or hundreds of dollars in the text and signify the predicted increase or decrease in costs per individual for a given risk factor net of other factors in the model.
We combined the results from the first and second step in order to estimate the overall impact on behavioral and medical system costs of each predictive factor of interest. In order to calculate the overall impact, the predicted probability of having any expenditures from the first step was multiplied by the predicted value of expenditures from the second step for a subject with and without the focal risk factor, and then the average difference for all subjects was calculated to show the overall impact. A confidence interval of the overall impact was estimated by bootstrapping with 1000 replicates. All statistical analyses were run in SAS Statistical Software version 9.4 (SAS Institute Inc., Cary, NC, USA).
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| RE SULTS
Descriptive statistics for the cohort are presented in Table 1 .
The 181 176 adolescents were 49.2% male and 50.8% female.
Participant age ranged from 12 to 17, with an average age of 14.4.
On average, participants were Medicaid insured for 11.0 months of the year-long outcome period with an average of 1. experienced at least one family risk factor.
On average, each cohort member's yearly medical costs were $1688, while median costs were $605 indicating a skewed distribution of medical costs with a small number of very costly children.
A majority of youth had low or no medical system costs: 13.4% of individuals had no medical costs for the year. An average of $632
was spent on behavioral health costs per cohort member, while the median was $0 due to nearly 87% of the cohort receiving no behavioral health services in the year.
To characterize risk factors associated with high costs, the percentage of individuals who experienced parent and child risk factors in the top decile and bottom nine deciles for medical costs and for behavioral health costs were compared ( Table 2 ). The adolescents with the highest health care costs were 1.4-2.0 times more likely to have experienced at least five parent risk factors than the lower deciles, and 1.4-1.9 times more likely to have experienced abuse or neglect or 5 + out-of-home placements. In particular, high-cost adolescents were more likely to have experienced recent maltreatment:
Those in the top decile for medical costs were 2.0 times more likely to have experienced recent maltreatment and those in the top decile for behavioral health costs were 3.9 times more likely to have experienced recent maltreatment.
Given that a variety of child and parent risk factors were more frequently experienced by the adolescents with the highest health care costs, two-step regression modeling was used to isolate risk factors associated with increased health care usage and costs while controlling for other variables. First-stage logistic regression modeling (Table 3) Most parent risk factors showed no discernable pattern of associations with the likelihood of incurring behavioral health and medical system costs, with the exception of parent mental health need, which was associated with increased likelihood of costs in both systems by 9%-12%, and food assistance and cash assistance use (proxy for low and very low income), which was associated with decreased likelihood of costs in both systems by 8%-20%.
Second-step regression modeling (Table 4) for children with nonzero systems costs showed that child maltreatment was associated with greater costs, especially to the behavioral health system. Abuse and neglect within the year prior to this study and historical physical and sexual abuse were associated with increased behavioral health system costs. Recent abuse was associated with annual per person behavioral health cost increases of $3600, lifetime physical abuse was associated with cost increases of $840, and lifetime sexual abuse was associated with cost increases of $1600 net of other factors. A history of neglect alone did not significantly predict behavioral health costs, net of other factors.
TA B L E 2 Prevalence of child adversities in the top decile relative to the rest of the population for medical and behavioral health costs TA B L E 3 First step models predicting any costs (relative to no costs) to the behavioral health system and medical system using logistic regression For medical system costs, recent abuse and neglect were associated with a cost increase of $470, history of sexual abuse was associated with a cost increase of $340, and history of neglect was associated with a cost increase of $260. A history of physical abuse was not associated with increased medical costs, net of other controls.
History of out-of-home placement at any age was associated with higher behavioral health system costs, though the biggest monetary impact was found for extreme placement instability ($9800).
Recent placement at age 12 or later was associated with a $3700 increase in behavioral health costs; in contrast, first placement at age 0-3 increased behavioral health costs by $1100 and first placement at age 4-11 increased behavioral health costs by $1400. For medical system costs, a first placement in early life (before age three) was associated with modest increases in costs ($440), as was placement instability ($740). No differences in behavioral health or medical costs were found by age at first abuse or neglect allegation.
The associations between parent risk factors and costs showed few consistent patterns. However, low-income status was associated with lower costs, net of other factors in the model. While the bivariate comparisons indicated that costlier children had experienced more parent risk factors, when regression modeling controlled for maltreatment experiences and other child characteristics, largely mixed or nonsignificant associations were found for parent risk factors.
Overall estimates of the impacts of maltreatment and parent risk measures on behavioral health costs and medical costs were calculated based on the results of the two-step models (Table 5) .
Placement instability had the largest overall association with increased behavioral health costs ($1700) and medical costs ($620).
Prior year abuse and neglect had the next largest estimated association with increased behavioral health costs ($1100) and medical costs ($400). Experiencing a first out-of-home placement at age 12 or older was also associated with a large increase in behavioral health costs ($700), but not with medical costs. 
| D ISCUSS I ON
By using integrated administrative records, the association between parent and child risk factors and annual health care costs was assessed for a population of over 180 000 Medicaid-insured adolescents without reliance on retrospective self-report. Among the social determinants examined here, child maltreatment, outof-home placement, and placement instability had the largest cost impact to the Medicaid system (Tables 3, 4 and 5). These experiences were associated with higher use of behavioral health services, even when controlling for pre-existing behavioral health conditions. In contrast, parent risk factors, even though they influence the social conditions under which children grow up, had more modest, mixed effects on costs.
This study found that the adolescents with the highest health care costs tended to experience more parental ACEs compared to adolescents with lower expenses (Table 2) , which mirrors prior research demonstrating that more adverse experiences lead to a greater likelihood of negative health outcomes. 4, 5, 10, 13 However, two-stage regression modeling (Tables 3 and 4) demonstrated that the experiences most impactful on costs were those related to child maltreatment (abuse, neglect, outof-home placement, placement instability) as opposed to parent 4.54*** ***P < 0.001; **P < 0.01; *P < 0.05.
TA B L E 3 (Continued)
TA B L E 4 Second stage models predicting costs (in dollars) to the behavioral health system and medical system using OLS regression A sizeable body of research evaluates short-term 7, 25, 26 and longterm 6,9,27 health care costs associated with childhood maltreatment or estimated total costs of child maltreatment. [28] [29] [30] [31] Child maltreatment increases costs in multiple domains (health care, criminal justice, education, lifetime lost productivity, and social services), all of which contribute to its large economic burden. [29] [30] [31] [32] In Washington State, the 2012 cost of child welfare services alone was over $500 million. 28 The estimated lifetime costs of maltreatment for all new abuse and neglect cases in 2008 were $124 billion, 31 which is comparable to the economic burden associated with health conditions such as diabetes. 33 Prior research demonstrates that childhood maltreatment negatively affects childhood mental health, 4,34 with associated costs estimated at over $1 billion annually. 30 In this study, physical or sexual abuse increased annual behavioral health costs by approximately $150-$250, and sexual abuse or neglect increased annual medical system costs by $200-$300. Neglect or abuse within the prior year increased behavioral health costs by $1100 and medical costs by about $400. In this study, recent maltreatment was associated with larger cost increases than lifetime measures, which concurs with prior research demonstrating that recent adversity has a larger impact on adolescent health than earlier life adversity. 10 Prior research suggests that as the number of recent foster care placements increases for children, the likelihood of high mental health service usage increases. 35 The current study found that high placement instability had the largest association with increased costs of all social determinants examined and that it was associated with cost increases to both the behavioral health and medical system. Five or more out-of-home placements were associated with a $1700 increase in behavioral health costs and $620 increase in medical costs. Age at first placement had differing impacts on behavioral health and mental health system costs.
A first out-of-home placement after age 11 was associated with a $700 increase in behavioral health costs, while the associations were smaller (around $150) for first placements prior to age 12.
In contrast, first out-of-home placement before the age of 4 was associated with around $340 in medical costs, whereas later first out-of-home placement experiences were not associated with medical costs.
These findings suggest that preadolescent interventions targeting child maltreatment could have a large impact on health care costs associated with maltreatment and multiple foster care placements.
Meta-analyses assessing the efficacy of early interventions on child outcomes find that overall, early interventions benefit children and the economy. [36] [37] [38] [39] [40] [41] In particular, programs designed to decrease child maltreatment have been shown to not only be successful, 39, 42 but to provide net positive benefit to cost ratios. 40 Prevention of abuse and neglect and interventions in response to maltreatment require a cross-systems approach that connects multiple key policy sectors, including health care. 43 For example, primary health care visits offer a point of contact for universal prevention efforts and screening of children for maltreatment risk factors, as well as an opportunity to make referrals for evidence-based interventions in response to abuse and neglect. 44 This study had a number of limitations. Adolescents were included only if they could be linked with at least one biological parent through administrative data, resulting in the exclusion of 22% of the potential cohort. Parent risk factors were based solely on biological parents, which did not account for risk factors potentially associated with other caregivers. Further, the frequency and/or severity of risk factors was not coded-for example, parent domestic violence signified only that one or more occurrence was documented and also would not register undocumented events.
The current study only examined health care costs associated with child risk factors in adolescents. Future studies should expand to younger age groups and expand beyond health care costs (eg, criminal justice costs).
This study was also limited because it was observational in nature and established associations but not causality. There are few alternatives to observational studies when examining social determinants of health, given that maltreatment and parental risk fac- 
